Background Public reporting of patient health outcomes offers the potential to incentivize quality improvement by fostering increased accountability among providers. Voluntary reporting of risk-adjusted outcomes in cardiac surgery, for example, is viewed as a ''watershed event'' in healthcare accountability. However, public reporting of outcomes, cost, and quality information in orthopaedic surgery remains limited by comparison, attributable in part to the lack of standard assessment methods and metrics, provider fear of inadequate adjustment of health outcomes for patient characteristics (risk adjustment), and historically weak market demand for this type of information.
Introduction
Improving the value of health care, defined as health outcomes per dollar spent, is a theme that has long been pursued and often prioritized, and yet difficult to achieve in the United States, mostly as a result of diverging definitions of value, misaligned incentives, and conflicting priorities that exist among healthcare stakeholders. Many of the changes in US healthcare delivery that have occurred over the past few decades have produced limited improvement in value [25, 34] . Experts have suggested that improvement in value within a cost-constrained, quality-seeking healthcare structure will require a complete redesign of the current fragmented and inefficient healthcare delivery infrastructure with a shift in emphasis from containing costs to improving quality [35] . Of the many principles that could contribute to this shift and redesign, public reporting of outcomes based on valid performance measures and incentivized by reimbursements are ones that are gaining growing interest and investment of resources. Public reporting of hospital mortality rates in Medicare surgical patients dates back to the Health Care Financing Administration's (HCFA's) efforts to record and report hospital mortality in the 1980s [4] ; however, most of these efforts have relied upon process and administrative data related to provision of surgical care. The difficult yet essential measurement of health-related outcomes data has yet to be substantially achieved, reported, or aligned with provider reimbursement. A number of issues have consistently plagued past and recent efforts to gather and report information on the cost, quality, and value of health care. These include data accuracy and attributions, case mix and risk adjustment, sample size, validity, reliability, and clinical relevance.
Central to the goal of improving value in the delivery of musculoskeletal care is the collection and public reporting of cost and quality information in orthopaedic surgery. Dissemination of this information would presumably contribute to correcting the information asymmetry (where one party has better information or superior knowledge than the other) in healthcare markets [19] , which has thus far resulted in a ''quality blind'' payment system that incentivizes larger volume and intensity of services without formal consideration for the quality of outcomes. Public reporting is viewed as a necessary building block in the pursuit of value-based health care that more formally considers quality in the assessment of value achieved [15] .
The policy goals of reporting quality and cost information in orthopaedic surgery are to equip stakeholders, including healthcare providers, purchasers, payers, and patients, with information to evaluate the relative value of musculoskeletal care. Correlating surgical outcomes with the costs associated with the delivery of surgical care holds the potential of yielding the measure of value desired. Implicit in these efforts is the need to benchmark surgeon and hospital performance with both individual and composite measures. Predictably, prior studies have documented the difficulty and complexity of developing physician-level performance profiles that meet adequate validity and reliability standards.
Mehrotra et al. [30] demonstrated that reliable attribution of costs to the individual physician is very difficult to achieve. In evaluating the reliability of individual and composite quality measures used in benchmarking physician performance, Scholle et al. [42] found that in typical health plan administrative data, most physicians had inadequate numbers of quality events to support reliable quality measurement. Currently the literature on public reporting is limited and fragmented.
This review therefore serves to highlight and summarize the breadth and the current limitations of public reporting in orthopaedic surgical care. We focus on identifying areas that require expertise and input from orthopaedic surgeons in surveying, reporting, and implementing quality performance measurement while proposing general guidelines for public reporting of cost and quality information related to musculoskeletal care. We review the origins of public reporting on cost and quality in surgical care, identify existing public reporting initiatives and those specific to orthopaedics, outline the challenges and opportunities associated with public reporting of quality measures and performance, and propose recommendations for how orthopaedic physician-level reporting could be used to improve the quality of care.
Search Strategy and Criteria
A review of the literature was performed through a bibliographic search of MEDLINE databases using ''(Quality Improvement OR Quality Indicators) AND Public Reporting AND (Physician OR Orthopaedics).'' The articles retrieved were limited to English language with links to the full text and dates ranging from January 1990 to December 2010. The search was supplemented by a review of the references included in selected articles and a review of the related citations presented during the electronic MEDLINE search. Using selected search terms (Table 1 ; Fig. 1 ), the search was extended to a global review of public and private quality measurement and reporting programs, including the Centers for Medicare & Medicaid Services (CMS) and the Agency for Healthcare Research and Quality (AHRQ). Two of us (YM, CAB) independently reviewed each abstract and the full article content of 66 articles. We excluded most of the 66 publications as unrelated to cost and quality in orthopaedics. Three of the articles from this group of 66 were selected based on their relevance to orthopaedics. These three articles were supplemented by an exhaustive review of the references contained in several of the 66 articles, which yielded an additional 39 relevant manuscripts (YM, CAB, KJB).
History of Public Reporting of Cost and Quality Information
A number of different metrics, including structural, process, outcome, patient experience, and efficiency, can be used to measure and report healthcare provider performance (Table 1 ). Structural measures refer to measures of provider infrastructure such as nursing-to-bed ratios, the availability of an intensive care unit and emergency services, and the use of an electronic health record. Structural measures have the advantage of being easy to measure and difficult to manipulate but are often not readily introduced or used by providers. The most commonly used performance measures currently reported are process measures such as the administration of prophylactic antibiotics before surgery and the use of venous thromboembolism (VTE) prophylaxis after major surgical procedures [7, 39] .
Process measures offer the benefit of being relatively easy to measure in addition to providing valuable feedback to physicians on their compliance with evidence-based practice guidelines. Process measures, however, are surrogate measures that may or may not correlate with clinical outcomes of interest (eg, infection or VTE after TJA, surgical site marking) [6] [7] [8] . Outcome measures are generally believed to be the most direct measure of quality [8] . However, clinically relevant outcomes are limited by the fact that they are often difficult to define and measure through the use of administrative claims data (particularly in orthopaedics), require sophisticated risk adjustment tools, and are generally preceded by a long lag period between the introduction of treatment (eg, TJA) and the collection of valid risk-adjusted data on the outcome of interest (eg, revision surgery). Patient experience measures such as Press-Ganey scores [8] are attractive because they 
Use of injections, physical therapy
No correlation with quality of care, patient outcomes, or cost-effectiveness are patient-centered but are often criticized because they are highly subjective and dependent on a patient's expectations and their understanding of the available treatment alternatives [6] . Finally, using management of rotator cuff tears as an example, efficiency measures such as use of imaging and physical therapy services and episode of care costs are relatively easy to measure but are often poorly correlated with quality, lack well-established standards, and require risk adjustment for valid comparison [1, 5, 32] . Several published papers have identified a primary concern among physicians that efficiency measures are being increasingly used as a simple method for payers to ''costprofile'' providers with no direct correlation to quality of care [8, 15, 17, 32] . The HCFA's efforts to record and report hospital mortality data was an early display of outcomes-based reporting [18] . Both hospital-and surgeon-specific riskadjusted mortality rates after coronary bypass graft surgery (CABG) were reported in several states, including New York, Pennsylvania, and New Jersey beginning in 1992 [20] . CABG mortality rates in New York declined 41% from 3.52 to 2.78 between 1989 and 1992 after the release of the CABG provider report cards and were labeled a success of the CABG public reporting program [20] . However, the negative unintended consequences that became apparent in cardiac surgeons' denial of care for severely ill (high-risk) patients, including increased reluctance by 63% of cardiac surgeons to operate on high-risk patients [47] as a means to avoid unfavorable outcomes and low ratings, led to the ultimate disengagement of the program. Through these initial efforts much was learned about the challenges that accompany quality reporting programs, some of which have been addressed and many that still remain.
Orthopaedic-specific Quality Reporting Efforts
Historically, the prioritization of orthopaedic-specific quality reporting efforts have been limited [6] [7] [8] , because until recently, orthopaedics has not been a target for health plans and purchasers in search of strategies to address escalating costs while enhancing quality. Nevertheless, there were early attempts at public reporting of adverse events in orthopaedics facilitated by the FDA MedWatch program instituted in 1993 [31] . The program continues to facilitate the reporting of all device failures and adverse events by providing specific tools to assist surgeons in the reporting process. The goals of this program have been to encourage surgeons to apply their expertise in understanding the relationships between devices and mechanisms of failure in a manner that informs the manufacturing and use of the product [31] . More recently, such orthopaedic-specific quality reporting efforts have been appended with an amplified focus and investment of resources [27] . These recent quality reporting efforts can partially be attributed to the increased use of costly orthopaedic interventions, which, coupled with the variations in quality and resource use, have predictably generated heightened scrutiny of orthopaedic interventions among the payer (both government and private) and purchaser community [28] . This intensified surveillance has positively translated into research advancements in orthopaedic quality measurement and reporting.
Bozic and Chiu [6] emphasized the need for evidencebased measures in public reporting that focused on quality measurement, and public reporting in TJA. They assessed differences in practice patterns among orthopaedic surgeons and determined whether the use of payer-defined guidelines was correlated with improved outcomes and lower costs. They generally found major variations both in adherence to guidelines and in clinical outcomes and costs associated with TKA and THA, but further noted that even where observed, adherence to existing nonevidence based payer-defined practice guidelines was not associated with improved outcomes or lower costs. The study highlighted the need for investments in defining orthopaedic-specific evidence-based performance measures for use in public reporting as well as the need to incentivize adherence to these guidelines by surgeons. Further efforts to identify causes of variation in care quality, and in poor outcomes associated with error, have recently been undertaken by the Fig. 1 The search strategy and criteria are shown.
Patient Safety Committee of the American Academy of Orthopaedic Surgeons (AAOS) [49] . The committee administered and published findings of a member survey directed at identifying trends in orthopaedic errors to help target quality improvement efforts. They reported that the highest frequencies of errors were observed in equipment (29%) and communication (24.7%) errors, and the greatest potential harm was induced by medication errors (9.7%) and wrong-site surgery (5.6%). This effort set an example for collecting and reporting quality data that can be used to better define target areas for research.
Existing Programs and Initiatives
Through a continued effort to assume a more direct and active role in quality measurement and reporting, orthopaedic surgeons have jointly contributed to updating the musculoskeletal-specific measures defined by the National Quality Forum and the CMS-sponsored Physicians Quality Reporting Initiative (PQRI) recently renamed the Physician Quality Reporting System (PQRS). Such measures include administration of perioperative antibiotics, VTE prophylaxis, aftercare for patients who have osteoporotic fractures, management of back pain, adoption and use of electronic health records (EHRs), and e-prescribing as well as other measures less specific to orthopaedic care. The PQRS is a voluntary reporting program that creates structured channels for eligible providers to report data on quality measures, and furthermore rewards their participation through incentive payments for satisfactorily reporting on the PQRS measures specific to their practice. The initiative was launched through the 2006 Tax Relief and Health Care Act, which called for the establishment of a physician quality reporting system and has evolved into a comprehensive list of measures across many performance categories and specialties [37] . To enroll and participate in the program, providers may report results through use of claims information, through a qualified registry, through the Group Practice Reporting Option (GPRO) or Electronic Health Records as well as a separate Electronic Prescribing (eRx) Incentive Program. There are 194 measures in the 2011 PQRS with four group measures for back pain and perioperative care specific to orthopaedics [36] .
Plans for publicly reporting the outcome measures included in the PQRS program are set forth in Section 10331 of the Patient Protection and Affordable Care Act of 2010. The Act requires CMS to establish a ''Physician Compare'' Web site that provides information on Medicare-enrolled physicians as well as individual providers participating in the PQRS. This is to be followed with plans to make information on physician performance publicly available in 2012, including measures collected through the PQRS [13] . Other initiatives led by CMS include The Value Based Purchasing (VBP) Program [12] , which was established to meet objectives for improving care provided by hospitals and for providing quality information to consumers and other healthcare stakeholders. Under this program, CMS will make value-based incentive payments to acute care hospitals based on the performance and/or improvement of certain quality measures. Other entities that have enriched the development of public reporting guidelines and recommendations include the Institute of Medicine (IOM) with specific guidelines in its ''Performance Measurement-accelerating Improvement'' 2005 consensus report, the first in a series that provides a comprehensive review of existing measures and outlines an algorithm for analyzing these measures against the six healthcare system goals the Institute has defined, including safety, effectiveness, efficiency, patient-centeredness, timeliness, and equity [23] . The National Committee for Quality Assurance (NCQA) [33] , a private not-for-profit organization focused on evaluating and reporting on the quality of managed care plans, has also contributed to the development of public reporting guidelines through its Healthcare Effectiveness Data and Information Set (HEDIS), a tool used by health plans to measure performance on several dimensions of care as well through its report cards on health plans as well as physician and hospital quality. The Commonwealth Fund [14] , which is a working group of experts and leaders representing all sectors of health care as well as academia, professional societies, the business sector, and state and federal entities that is tasked with devising strategies for a high-performing healthcare system with regard to quality, efficiency, and effectiveness, is also involved in developing public reporting guidelines through its Commission on High Performance Health Systems. The Commission has conducted research on the strategies and challenges associated with expanding the availability of publicly reported quality and price information. The American Medical Association [2] has also actively participated in quality reporting activities by taking an active role in designing the CMS Physician Compare Web site, developing a position statement on the Public Release of Information About Quality of Health Care [3] .
In addition to the extensive public reporting of health plan measures, hospitals have invested in developing reports on patient experience through the Hospital Consumer Assessment of Healthcare Providers and Systems survey (HCAHPS) [21] , which was designed by AHRQ, included in HEDIS, and established to provide a standard measurement method of patient experiences with hospital care.
The HCAHPS survey is an instrument and data collection methodology for measuring patients' perceptions of their hospital experience. It is a set of 27 standardized questions developed and validated by the CMS in 2006 that [11] . Other performance reports have been developed and published by organizations such as HealthGrades 1 [22] and Leapfrog [29] , which are designed to provide information on the cost and quality of care provided by physicians and hospitals as well as on the educational background, board certification status, and disciplinary actions placed on physicians. The performance evaluation process implemented by these two organizations entails the voluntary submission of hospital data to the Leapfrog group, which is then analyzed through a HealthGrades 1 algorithm that assigns individual star ratings based on clinical quality performance and patient satisfaction.
Provider-ranking methodologies are an additional tool that national health plans have developed. In efforts to control costs, purchasers continue to experiment with a variety of approaches to ranking provider performance [41] . Based on research that suggests physician adoption of less intensive practice patterns would decrease healthcare spending [44] , purchasers have placed the focus of new payment methodologies on physicians.
These methodologies include analyses of physicians' use of services and classification systems for comparing which physicians have lower relative costs. On identifying the ''high-performance'' (ie, higher quality, lower cost) physicians, purchasers then offer patients differential copayments to steer patients to higher performing providers (also known as benefit design), pay bonuses to physicians with lower than average resource use patterns (also referred to as performance-based incentive payments) [45] , and publicly report the relative resource use of physicians [16] . These methods were developed under the assumption that measures of performance based on quality and costs can be accurately accessed through claims data and can be made publicly available to inform enrollees. Various benefit designs (eg, differential copayments) have been used by payers and purchasers to incentivize patients to seek highperforming physicians with the expectation that patient volume would shift to those physicians while encouraging lower-performing providers to improve the quality of care delivered. However, according to a recent study [43] , the current methods used to tier physicians based on quality performance and cost efficiency exhibited low consistency and revealed geographic and demographic biases that were not accounted for in the methods of physician tiering. These findings point to the many questions and challenges that remain for defining and structuring healthcare performance, cost transparency, and reporting. These include the difficulties in balancing different stakeholder perspectives on performance reporting measures and methodologies, in defining accountability and attribution for outcomes reported, in establishing specialty-specific criteria, and in appropriately risk-adjusting outcomes. These issues are critical as the choice of performance measures and methods of collection will ultimately determine the effectiveness, use, and provider support for implementing a robust performance measurement system [6, 8, 10, 14] .
Discussion
The goals of improving the value of healthcare services by enhancing the accuracy and appropriateness of measurement standards, and by publicly reporting these outcome and process measures to increase provider accountability and incentivize performance improvement, hold both promise and challenge. Although the goal for increased transparency and accountability in our healthcare system could lead to improved provider and organizational performance, it must be supported by well-defined outcome measures specific to the specialty evaluated. This is necessary to avoid reporting inaccurate outcomes that unfairly misrepresent physician performance or unjustly label them as low-quality performers. In addition, although the public reporting of outcomes can incentivize improvement in the quality of care delivered, it must be weighed against the potential unintended consequence of incentivizing the denial of care for high-risk patients that could adversely affect reported performance scores and provider reputations.
As evidenced by the challenges associated with physician-ranking methodologies, several micro-and macrolevel complexities and limitations continue to impact the efforts of participants and sponsors of quality reporting [38] . Current methods of measuring performance are considerably limited by the scarcity of available data sources beyond administrative claim information, and by the limited capacity of administrative claims data to accurately reflect the clinical record. This was highlighted in a study that assessed the validity of using administrative claims data in TJA outcomes research [7] . The authors found that although the use of International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis and procedure codes related to revision TJA procedures allowed for the use of administrative databases to evaluate TJA outcomes, some ICD-9 diagnosis codes were accurate in reflecting the clinical record, whereas others were not. Furthermore, they found that when compared with diagnosis codes, TJA-specific ICD-9 procedure codes had poor correlation with the clinical record. The inconsistencies in correlations drawn from the studies highlight the need to exercise discretion when using administrative claims data to define and interpret outcomes [7] .
The limitations of administrative data for measuring provider and healthcare organization performance highlight the need for a performance measurement system that is established to evaluate clinical outcomes rather than maintain a record of claims and procedures. For orthopaedics, this system would be comprised of a standard set of metrics based on reliable, stable, and clinically relevant quality measures for benchmarking performance at the provider and healthcare organization level. This standard set of metrics would also include the development and use of comparative effectiveness research results for musculoskeletal care, the identification of methods necessary for risk-adjusting the data to achieve fair comparisons as well as the formulation of strategies to tailor and disseminate reports to specific target audiences. Efforts to create a standard set of reportable metrics for orthopaedics have highlighted the difficulties in collecting data that is accurate [7] , and that effectively ensures both appropriate attribution of beneficiaries to providers, and accurate assignment of costs among providers [46] . These efforts have also highlighted the challenges associated with creating readily usable performance measures that can be applied toward improving practice [8] . One study that sought to assess the credibility and applicability of existing public reports of hospital and physician quality found there were more reports of hospital performance than of physician performance, and limited applicability of physician quality reports as a result of insufficient data on clinical quality measures, cost, and efficiency measures as well as patient experience reports, thus limiting the assessment of physician quality of care [9] . This emphasizes the need to develop provider-specific performance measures and explains some of the limitations associated with small sample sizes in current physician reporting, as these sample sizes are generally insufficient to construct valid and reliable reports [27] . The limited applicability of reports based on small sample sizes is increased by individual payer attempts to measure and report physician-level performance, since even high-volume physicians may have only performed a low volume of procedures on patients with any given health plan. Potential solutions to this particular challenge include the pooling of health plan data across time and different plans to increase the likelihood of reliably monitoring specialists [9] . This includes projects such as The Better Quality Information to Improve Care for Medicare Beneficiaries (BQI) Project, a CMSfunded project to test methods of aggregating Medicare, Medicaid, and commercial claims data to calculate and report quality measures for physician groups and individual physicians [9] . Other solutions include the use of consensusbased performance measures and compatible electronic health records across different health plans. The steps required to achieve sufficient volume and accurate attribution are made more difficult by the existing team-based structures of healthcare delivery. It is challenging (and perhaps inappropriate with a risk of undermining team function) to report individual provider concerns about variation in patient risk at the individual provider level, as well as limited data for appropriate risk adjustment at this level and a small patient sample size render it difficult to ensure that a physician's practice profile primarily reflects their individual performance [46] . For example, Scholle et al. [42] have reported that results based on the denominator of patients for a single physician are performance metrics or to implement the use of episode-based cost payment with physician attribution allotted if x% of a physician's own costs is in the profile.
The absence of local, regional, and national collaboration on quality reporting initiatives among providers, employers, health plans, and consumers will certainly lead to substantial redundancy, inefficiency, and frustration among the entities seeking participation in quality reporting efforts. There is currently limited compatibility between the information technology systems that measure cost, quality, and reimbursement and this is complicated by the inconsistencies posed by varying levels of stakeholder accountability in current team-based models of care. Longstanding cultural, political, technical, and economic challenges may be more important than the scientific or intellectual barriers to creating and reporting quality measures and costs. These include physicians' belief that quality is too nebulous to measure and report accurately, purchasers' skepticism that feedback on performance will lead to changes in provider behavior, and the technical details and expense of acquiring, processing, and communicating data. An example of when feedback on performance has led to changes in provider behavior is displayed in the Intermountain Healthcare System. Rather than attempting to control physicians' behavior by obligating change based on feedback, the Intermountain Healthcare System of clinical processes displays a method of incentivizing providers to improve care and amend behaviors in response to valid process and outcome data. This is supplemented by the creation of clinical management teams and by a shared culture of professional values centered on patient needs and high-quality care. Intermountain's clinical management structure is centered around part-time physician-leaders teamed with full-time nurse administrators based within geographic regions. These teams meet monthly with the providers responsible for delivering care in their region and methodically review data on clinical, cost, and service outcomes for each care delivery group. In addition, the leadership teams from across the Intermountain system meet monthly to disseminate successful changes and to discuss learning opportunities and improvement measures [24] .
An increase in accuracy, reliability, and strength of data will be necessary to increase trust in the measurement and reporting efforts by both providers and consumers, which will allow for more effective reliance on this information in the future. Given the many challenges, deficiencies, and the extreme complexity involved in efforts to deliver comprehensive, accurate, and reliable information to the public, there are many unique opportunities for orthopaedic surgeons to lead.
A valuable contribution by providers could be made in determining which measures promote performance improvement and which strategies equip providers to translate reporting system scores and results into actions for informing process and improving care. Surgeons could also work with performance improvement foundations such as the Institute for Healthcare Improvement and the Leapfrog group to be directly involved in developing orthopaedic-specific performance measures and risk adjustment tools as well as accurate and cost-efficient instruments for data collection and reporting.
Surgeons could also provide input and comments toward the project on quality measures developed for patients undergoing elective THA and TKA being carried out by organizations such as the Yale-New Haven Health Services Corporation/Center for Outcomes Research and Evaluation (YNHHSC/CORE) [50] . This project, which is a multistakeholder collaboration among orthopaedic surgeons, methodologists, and payers, seeks to use administrative claims data to define valid, risk-adjusted hospital-level outcomes measures that will be used to assess the quality of care for THA and TKA in Medicare patients. Once validated, these measures will be applied for use in public reporting.
Historical accounts including the outcome-driven US Veterans Health Administration (VHA)'s Quality Enhancement Research Initiative (QUERI) [40] , which has evolved into the comprehensive program now known as the National Surgical Quality Improvement Project (NSQIP), and existing initiatives including the Wisconsin Collaborative for Healthcare Quality (WCHQ) [48] indicate public reporting programs are most effective when established in partnership with healthcare providers. The NSQIP began in the mid-1990s under the order of Congress to tackle higher surgical mortality rates in VA hospitals [26] . The project developed a program of data collection, which included risk-adjusted outcome data used for evaluation and also subject to audits and site visits. The NSQIP was successful in reducing mortality rates with similar characteristics at high-performing sites, including standardization, interdisciplinary care, and adherence to guidelines. The WCHQ example displays the operational processes of a physician-led organization that has achieved voluntary public reporting of comparative performance information. The tenets crucial for successful physician engagement included: (1) a focus on quality of patient care as the goal of reporting; (2) performance data that are valid, reliable, trusted by physicians, and attentive to the details of sample size, bias, risk adjustment, and attribution; (3) physicianled development of performance measures (determined to be strongly associated with long-term sustainable quality improvement); (4) sharing of best practices across the statewide consortium of quality improvement-driven healthcare organizations; and (5) the limiting of reporting at the level of the organization (in response to points made by physicians), not the individual clinician, to avoid the isolation of physicians and to acknowledge healthcare delivery is an outcome of the actions of many individuals and the systems that support them.
Although the challenges of quality measurement and reporting are many, orthopaedic surgeons certainly need to be involved in policy formulation and development with a posture that includes both leadership and active learning. As direct implementers of the policies that drive musculoskeletal care, orthopaedic surgeons are best equipped to inform the formulation of evidence-based performance measures and the development of reliable reporting methods in our field. Our leadership and expertise are necessary for facilitating multistakeholder collaborations, which are fundamental for developing effective and reliable performance measures and public reporting mechanisms.
